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plays an important role in the physiological function ot the 
brain, heart, and skeletal muscles. \lg 2 ” has anti-inflam- 
matory properties and acts as Ca : * antagonist. The United 
States hood and Nutrition Board recommends a daily in- 
take of 420 mg for men and 320 mg for women (11. How- 
ever, recent reports estimate that at least 6U% ot Americans 
do not consume the recommended daily amount of Mg 2 ” 
(281). Part of the problem stems from the soil used for 
agriculture, which is becoming increasingly deficient in es- 
sential minerals. Over the last 60 years the Mg 2 ” content in 
fruit and vegetables decreased by 20-30% (570). More- 
over, the Western diet contains more refined grains and A 
processed food. Estimates are that 80-90% of Mg 2 * is lost 
during food processing. As a result, a significant number of 
people are Mg~~ deficient, which may comprise up to 60% v 


The first use of Mg 2 * in human medicine can be traced back 
to 169^ when Dr. Nehemiah Grew identified magnesium 
sulfate (MgS0 4 ) as the major ingredient of Epsom salt 
j95i. Epsom salt was extracted from a well in Epsom/ 
England and was used over the years to treat abdominal 
pain, constipation, sprains, muscle strains, hyaline mem- 
brane disease, and cerebral edema. Subsequently, Mg‘* 
was recognized as an element iMg) by Joseph Black in 17 55 
and first isolated by Sir Humphrey Davy from magnesia 
[Mg 3 SO 4 O 10 <OH) 2 i and mercury in 1808 (102). The role 
of Mg 2 ” in the human body emerged once Mg 2 ’ was de- 
scribed in blood plasma by Willey Glover Denis in 1920 
(113). In 1926, Jehan Leroy demonstrated that Mg 2 ” is 
essential for life in mice (309). These findings were trans- 
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Summary of the most common inhibitory 

AND STIMULATORY FACTORS INVOLVED IN THE 
PATHOGENESIS OF VASCULAR CALCIFICATION 
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Vascular calcification: Mechanisms of vascular 
smooth muscle cell calcification 
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Mg Balance in ESRD Patients 


Renal failure is the most common cause of hyper- 
magnesemia, which is usually mild and asymptomatic 
even in ESRD patients. In CKD, until GFR falls to below 
30 ml/min, urinary Mg excretion may be normal or even 
increased. As CKD progresses (<30 ml/min), urinary Mg 
excretion may be insufficient to balance intestinal Mg ab- 
sorption, at which point dietary Mg intake then becomes 
a major determinant of serum and total body Mg levels 
[16]. However, administration of Mg-containing drugs 
(e.g. antacids and laxatives) and high Mg concentrations 
of dialysate may provoke severe, symptomatic or even fa- 
tal hypermagnesemia [12]. On the other hand, many fac- 


Schmulen et al. [19] demonstrated that Mg absorption in 
the human jejunum is dependent on vitamin D, and they 
showed that l-a,25-dihydroxyvitamin D 3 therapy in pa- 
tients with CKD is associated with an enhanced jejunal 
absorption of Mg. 


tients, and some conditions lead to a negative Mg balance 
in these patients, such as excessive intake of diuretics, re- 
duced gastrointestinal uptake (due to acidosis, and poor 
nutrition and absorption) and a low Mg concentration of 
dialysate [17]. In patients with CKD on dialysis, bone Mg 
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In ESRD, 

- Controls serum phosphate 

- Controls hyperparathyroidism 




Mg 


* Suppresses inflammation 

- 4 Immune response 

- "P Specific immune 
response 

- 4 Constitutive nitric 
oxide synthase 



- Prevents insulin resistance 

- Prevents arrhythmias 

- Prevents osteoporosis 



- 4 Serum PTH level 


In ESRD, 

- 4 Vascular calcification 

- 4 Left ventricular hypertrophy 

- 4 Mortality 





-Regulates vascular tone 
-Regulates heart rhythm 
-Regulates blood pressure 
-Prevents thrombosis 
-Prevents atherosclerosis 


« - 1 ■ 



Magnesium and cardiovascular complications 
of chronic kidney disease 


Ziad A. Massy and Tilman B. Drueke Nat. Rev. Nephrol, advance online publication 12 May 2015 





I 


ext-acen^iBr P and/or Ca 


loss a* syste'ric snd/o f vocs 
mine 'a zstion mhio.*to's 
iFetui- K MOP. 2>Pt. OPN. OPG. BMPTv 



• ^ 1 Fornrstion of 

— v. nrst^oc vesicies 

O J : Ca/p •! 

Q SBp-X 1 / 

Fornrstion of / 

apoctooc oocies / 


mtrace«Lis 

Cs-Ou-ST 


MGP BMPT 

t’-'*lPltO'S O' 

cafcr*icstio~ 


| ApoptosTs] 


Staotiizst.on of 
Ca-accic pnospnonpia-P 
conrpiexes 


FornpatiG^ of 
*nitiockrte 
iCa. p 


Formation of 
Ca/P nanoc^ystais 


Osteogentc 
diffe '-satiation 


Vitanni'- D 
ste-o 


Fo rr ratio^ 
a** apatrje 


vsscuia'' ca iciticatio n 





JACC Cardiovasc Imaging. 2014 January ; 7(1): 59-69. doi:10. 101 6/j.jcmg.201 3. 10.006. 

Magnesium Intake Is Inversely Associated With Coronary Artery 
Calcification: 

The Framingham Heart Study 


We observed strong, favorable associations between higher self-reported total (dietary and 
supplemental) magnesium intake and lower calcification of the coronary arteries, an 
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Relationship between Magnesium and 
Clinical Biomarkers on Inhibition of 
Vascular Calcification 



Fig. 3. a IMT of the left common carotid artery classified by Mg’* 


serum concentration in patients with CKD (filled bar; normal vs. 
high Mg 2 * range) and in controls without CKD (open bar; normal 
vs. high Mg 2 * range), b IMT of the right common carotid artery 
classified by Mg 2 * blood serum concentration in patients with CKD 


(filled bar; normal vs. high Mg 2 * range) and in controls without 
CKD (open bar; normal vs. high Mg 2 * range), c PW V associated by 
Mg 2 * blood serum concentration in patients with CKD (filled bar; 
normal vs. high Mg 2 * range) and in controls without CKD (open 
bar; normal vs. high Mg 2 * range). N = Normal; H 5 high. 
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Serum magnesium is inversely associated 
with coronary artery calcification in the 
Genetics of Atherosclerotic Disease (GEA) 
study 
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Objective: The aim of this study was to examine the c'oss-sec: ona association of se' urn magnes -m eve s with 
CAC 

Methods: We inc -dec 1 2"t :an-mes: zo s- ejects (50 % women), aged 30-75 years, free of symptomat 
ca r diovascuiar disease. CAC was q computed tc mography using the et od described 

by Agatston. C f oss-sectiona assoc ations of serum magnesium with card ometaboiic factors and s-oc in ca 
atherosclerosis defined as a C*C sco'e > 0, were exam'ned in logistic 'egress on modes adjusted for age, sex, 
education, smok'ng status, body mass ndex. systo c o^ood oressu'e, ohysica act vity elevated abdomina viscera 
tissue, fas: no nsulin and glucose a coho consume: on menopausal status (women only), ow (LDL-C) and high 
density lipoprotein cholesterol (HDL-Q. triglycerides diuretic use, type 2 diabetes meiiitus (DM2), and family history 
of DM2. 

Results: After full adjustment subjects n me highest quart e of serum magnesium had 48 % owe' odds of 
hype'tens on ip = 0.C28), 69 % owe' odds of DM2 (p = 0.003), and 42 % lowe' odds of CAC score > C (o = 0.016) 
compared to tnose with the lowest serum magnesium. The analyses also snowed that a 0.17 mg/dL (1SD) 
increment In se'um magnes urn was independently associated with 16 % lowe' CAC (OR C.S^ 95 % Ci G.724-C.986). 

Conclusions: In a sampe of Mex can-mestzo subjects, tow se^rr magnes _m was ndependent y assoc ated to 
higher prevalence no: on y o* -.ce-tens on and DM2 but a so to coronary artery ca c feat on *. :n s a r 

atherosclerosis and a predictor of cardiovascular morbidity and morta ity. 
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Magnesium in Chronic Kidney Disease 
Challenges and Opportunities 

spectively). Turgut et al. [8] also demonstrated an inverse 
association between serum Mg and carotid intima-media 3 5 

thickness in HD patients (fig. 2). They found that, while 
the mean serum calcium and phosphorus did not change 
significantly, carotid intima-media thickness and PTH _ s.o 
improved significantly after Mg supplementation within | 

2 months. The authors suggested that the beneficial effect | 
of Mg on carotid intima-media thickness might be due to 
the decreased serum PTH level. Furthermore, Mg-con- 
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Research Article 

Low Magnesium Levels and FGF-23 Dysregulation Predict 
Mitral Valve Calcification as well as Intima IVfedia Thickness in 
Predialysis Diabetic Patients 



was 117 RU/mL and for magnesium 1.7 mg/dL. Conclusions. Hypomagnesemia and high FGF-23 levels are independent predictors 
of mitral valve calcification and IMT and are risk factors for cardiovascular mortality in this population. They might be used as 
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factor-23 (FGF-23) levels with mitral valve calcification and IMT in CKD diabetic patients. Methods. Observational, prospective 
study involving 150 diabetic patients with mild to moderate CKD, divided according to Wilkins Score. Carotid-echodoppler and 
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of mitral valve calcification and IMT and are risk factors for cardiovascular mortality in this population. They might be used as 


300 


FGF-23 


a, b 


200 - 

i— 

b 

= 

ZL 

W 100 - 


0 4 

<0,8 




0.8-1 





>1 


3 -r 
2.5 - 
2 - 



1 - 
0.5 - 


0 A 


Magnesium 




IMT (mm) 


IMT (mm) 



Magnesium Modifies the Impact of Calcitriol Treatment on 
Vascular Calcification in Experimental Chronic Kidney Disease 

. l J Pharmacol Exp Ther 355:451-462, December 2015 



Chronic kidney disease (CKD) patients are commonly treated 
with vitamin D analogs, such as calcitriol. Recent epidemiologic 
evidence revealed a significant interaction between vitamin D 
and magnesium, since an inverse relationship between vitamin D 
levels and mortality mainly occurs in patients with a high 
magnesium intake. The aim of the study was to assess the 
mechanisms involved by determining whether magnesium alone 
or combined with calcitriol treatments differentially impacts 
vascular calcification (VC) in male Sprague-Dawley rats with 
adenine-induced CKD. Treatment with moderate doses of 
calcitriol (80 /ig/kg) suppressed parathyroid hormone to near or 
slightly below control levels. Given alone, this dose of calcitriol 
increased the prevalence of VC; however, when magnesium was 
given in combination, the severity of calcification was attenuated 


in the abdominal aorta (51 % reduction), iliac (44%), and carotid 
arteries (46%) compared with CKD controls. The decreases in 
vascular calcium content were associated with a 20-50% 
increase in vascular magnesium. Calcitriol treatment alone 
significantly decreased TRPM7 protein (J to -11%), whereas 
the combination treatment increased both mRNA (1 .7 x) and 
protein (6.8 x) expression compared with calcitriol alone. In 
summary, calcitriol increased VC in certain conditions, but 
magnesium prevented the reduction in TRPM7 and reduced 
the severity of VC, thereby increasing the bioavailable magne- 
sium in the vascular microenvironment. These findings suggest 
that modifying the adverse effect profile of calcitriol with 
magnesium may be a plausible approach to benefiting the 
increasing number of CKD patients being prescribed calcitriol. 


RESEARCH ARTICLE 


Characterisation of Calcium Phosphate 
Crystals on Calcified Human Aortic Vascular 
Smooth Muscle Cells and Potential Role of 

Maqnesium PLOS ONE | D0I:1 0.1 371 /journal. pone.01 1 5342 January 21 , 201 5 




Pi4 Mg2 


Pi4 Mg5 


PiCa PiCa Mg2 PiCa Mg5 

In summary, our data are excluding a physicochemical role of in inhibiting the crystal 


growth or in altering the calcium phosphate crystal composition or Structure in an in vitro 


model ofHAYSMC culture. Furthermore, the observed qualitative reduction of CPA spots 
should be linked to an active cellular role of Mg 2 in attenuating VC. Whether the in vitro data 
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Magnesium and outcomes in patients with chronic kidney 
disease: focus on vascular calcification, atherosclerosis and survival 

Table 1. Observational and interventional studies investigating the influence of serum magnesium levels on vascular calcification 0 


Authors (year) 

Patients 

Study design 

Parameter 

Assessment technique 

P-value b 

Observational studies 

Ishimura et al. (2007) [56] 

390 (non-diabetic 
haemodialysis) 

Prospective single 
blind follow-up 
over 4 months 

Calcification of 
the hand arteries 

Radiographic findings 
of the hands 

0.036 

Tzanakis et al. (2004) [62] 

93 (haemodialysis) 
and 182 age- and 
sex-matched healthy 
controls 

Cross-sectional 

analysis 

Carotid intima-media 
thickness 

B-mode ultrasound 

0.001 

Tzanakis et al. (1997) [60] 

56 (haemodialysis) 

Retrospective 
analysis 
of 8 years 

Mitral annular 
calcification 

Doppler 

echocardiography 

0.008 

Meema et al. (1987) [59] 

44 (CAPD) 

Prospective 

follow-up 

Progression/regression 
of arterial calcification 

Radiographic surveys 

0.001 

Interventional studies 

Spiegel et al. (2009) [71] 

7 (haemodialysis) 

Prospective 
interventional 
follow-up 
over 18 months 
(Mg carbonate) 

CAC 

Electron beam 
tomography 

0.0737 c 

Turgut et al. (2008) [75] 

47 (haemodialysis) 

Prospective 
interventional 
follow-up over 
2 months 

Intima-media thickness 
of the carotid artery 

Ultrasound 

0.014 d 
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Magnesium in Chronic Kidn ey D isease: 
Challenges and <3 pportunities 

Other Relevant Cardiovascular Effects of Mg 

correlated with intradialytic hypotension in HD. Hypo- 
magnesemia Has been shown to contribute significantly 
to cardiac morbidity and mortality, particularly in states 
associated with myocardial ischemia [90J. Alg therapy, 
both for deficiency replacement and in higher pharmaco- 
logic doses. Has been beneficial in improving cardiovas- 
cular Hemodynamics and electrophysiologic function- 
ing- In a study by Ky riazis et al. [91 J, a 
containing 0 . 2.5 mmol/1 Mg and 1.25 

identified as a major cause of intradialytic hypotension 
due to an impairment of myocardial contractility. They 
showed that increasing the dia lysate Mg level to 0.75 
mmol/1 could prevent the intradialytic Hypotension fre- 

[91J . Mg deficiency— induced coronary vasospas in [92], 
detective energy metabolism [93] and excessive tree radi- 
cal generation [94] may be important variables acting in 
concert, or independently, to affect myocardial function. 
Plasma-ionized Mg also showed a negative correlation 
with QT dispersion, suggesting that Mg plays a role in 
maintaining myocardial electrical stability in HD pa- 
tients. 


dialysis solution 
mmol/1 C a was 



Blood 

Purinoation 
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Magnesium in Chronic Kidney Disease: 
Challenges and Opportunities 


The Effect of Mg on Survival in ESRD Patients 

There are only 2 studies which have tried to investigate 
the relationship between Mg and ESRD patient survival 
[87, 88J. Tzanakis et al. [87J found that lymphocyte Mg is 
an independent prognostic factor for improved survival 
(p = 0.029), while serum Mg had a similar but weaker re- 
lation (p = 0.069). Similarly, Ishimura et al. [8 8 J investi- 
gated the prognostic value of serum Mg concentration for 
mortality in 515 patients on maintenance HD for a me- 
dian follow-up time of 51 zt 17 months. They demon- 
strated that a lower serum Mg level was a significant pre- 
dictor for mortality in HD patients, particularly for non- 
cardiovascular mortality [HR (per 1 mg/dl increase), 
0.485 (95% Cl: 0.241-0.975), p = 0.0424]. 
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Table 3. Summary of clinical trials involving magnesium-containing phosphate binders in patients undergoing dialysis 0 


Year 

Author 

Journal 

Product 

Modality 

Patients 

(N) 

Design/duration 

Dialysate 

Result 

1982 

Guillot 
et al. [6] 

Nephron 

Mg(0H) 2 and 
Al(0H) 3 — separately and 
in combination 

HD 

9 

Four open study phases: 
no phosphate binders 
(period I: 2 weeks), 
Mg(OH} 2 alone 
(II: 2-5 weeks], 

AI(OH} 3 plus Mg(OH) 2 
(III: 4-10 weeks), AI(OH) 3 
alone (IV: 4 weeks) 

Mg, 0.5-0.75 mmol/L 
(1.0-1. 5 mEq/L) and 
Ca, 1. 5-1.6 mmol/L 
(3.0-3.25 mEq/L) 

Best control of serum P levels when 
Al(OH) 3 and Mg(OH) 2 were used together. 

1987 

Oe 

et a i. [9] 

Clin Nephrol 

Mg(0Hh and 

Al (OH ) 3 — separately and 

in combination 

HD 

18 

Open, sequential: AI(OH)j 
alone (period I: 6-9 months), 
Mg(OH) 2 alone 
(II: 2-6.5 months) 
then Al(OH) 3 plus Mg(OH) 2 
(III: 4-13 months) 

Period I: Mg, 0.75 mmol/L; 
Periods II and III: Mg, 

0.00 mmol/L 

Allowed reduced aluminum usage. PTH 
levels fell on Mg(OH) 2 treatment (both 
when used as monotherapy or in 
conjunction with Al(OH) 3 ). 

1986 

O’Donovan 
et al. [7] 

Lancet 

MgC0 3 versus 
AI(0H)j 

HD 

50 

Two-year open-label study: 

28 pts (chronic hospital-based 
haemodialysis) given MgC0 3 , 
22 pts (home-based dialysis) 
given Al(OH} 3 

MgC0 3 group: Mg < 0.2 mmol/L 
and Ca, 1.65 mmol/L; 

Al(OH) 3 group: Mg, 0.85 mmol/L 
and Ca, 1.65 mmol/L 

MgC0 3 suitable for long-term control 
of serum phosphate levels when used alone, 
but difficult to compare groups owing 
to different dialysis regimens. 

1988 

Moriniere 
et al. [8] 

Nephrol Dial 
Transplant 

Mg(0H) 2 versus 
Al(0H) 3 

HD 

20 

Sequential open-label study: 
20 pts for 6 months; 

12 pts for 20 months. 

Control period (with AI(OH) 3 ): Mg, 
0.75 mmol/L; during Mg(OH) 2 
period: Mg, 0.375 mmol/L 

Replaced Al(OH) 3 with Mg(OH) 2 - Diarrhoea 
common. 







Bone histomorphometry 
performed 


Reduced requirement for supplemental 
calcium during Mg(OH) 2 treatment. During 
Mg(OH) 2 treatment, serum PTH levels 
declined non-significantly; stable serum 
concentrations of P, Ca, Mg and alkaline 
phosphatase. 

1993 

Parsons 
et al. [13] 

Nephron 

MgC0 3 /CaC0 3 
versus CaC0 3 
versus Al(0H) 3 

CAPD 

50 

One-year, open-label, 
parallel-group study. 
MgC0 3 - CaC0 3 
(Group I: n = 32); 

CaC0 3 alone (II: n = 10), 
Al(OH) 3 alone (III: n = 8) 

All patients given 
MgC0 3 - CaC0 3 were 
given Mg-free dialysate 
(Ca, 1.65 mmol/L) 

Serum P levels were controlled equally well 
in the MgC0 3 - CaC0 3 group as in the 
other groups, without evidence of 
increased Mg levels. No significant 
between-group difference in PTH. 
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J 



Year 

Author 

Journal 

Product 

2007 

Spiegel 
et at. [15] 

J Ren Nutr 

MgC0 3 /CaC0 3 
versus CaAc 

2008 

Tzanakis 
et ai [16] 

Int Urol 
Nephrol 

MgC0 3 

versus CaC0 3 


Patients 
Modality ( N ) 


HD 30 


HD 46 


2009 Spiegel Hemodial Int MgC0 3 /CaC0 3 

et ai [17] 


HD 


Design/duration 


Twelve-week, randomized 
open-label pilot study: 

MgC0 3 - CaC0 3 (Group I; n = 20); 
CaAc alone (Group H; n = 10) 

Six-month, randomized 
open-label study: 

MgC0 3 (Group I; n = 25) 

CaC0 3 (Group II; n = 21) 


Eighteen-month open-label 
pilot study to monitor CAC 
and V-BMD 


Dia lysate 


For both groups: 

Mg, 0375 mmol/L 
(0.75 meq/L) and Ca, 

1.25 mmol/L (2.5 meq/L} 

MgC0 3 group: Mg r 0.3 mmol/L 
and Ca, 1.50 mmol/L; 

CaC0 3 group: 

Mg, 0.48 mmol/L and Ca, 

1.50 mmol/L. 


Composition of dia lysate 
not mentioned 


McIntyre 

Clin J Am Soc 

Fe-Mg 

HD 

63 Five-week, randomized, 

et ai [19] 

Nephrol 

hydroxycarbonate 


placebo-controlled, 
double-blind parallel-group 
study: placebo 
(Group I; n = 21); 

Fe-Mg hyroxycarbonate, 

1 g tds (Group II; n = 21); 
Fe-Mg hyroxycarbonate, 

2 g tds 

(Group III; n = 21) 

de Francisco 

Nephrol Dial 

CaAc/MgCC 3 

HD/HDF 

255 Twenty-four-week, 

et at. [20] 

Transplant 

versus sevelomer-HCl 


randomized, controlled, 

parallel-group 

investigator-blinded 


multicentre 
study: CaAc/MgC0 3 
(Group I; n = 126); 
sevelamer-HC! 
(Group II; n = 129) 


Composition of dialysate 
not mentioned 


For both groups: Mg, 
0.5 mmol/L and Ca, 
1.5 or 1.25 mmol/L 
(dependent on prior 
prescription) 


Result 


Both regimens were generally well tolerated 
and MgC0 3 /CaC0 3 was at least os effective 
in control of serum P os CaAc alone, but 
required less elemental Ca ingestion. 

The Mg regimen showed equally effective 
control of serum P and Mg. but better control 
of serum Ca, than the Ca regimen. Good 
tolerability profile for Mg regimen: 2 of 25 
(8%) withdrew because of diarrhoea or high 
Mg levels. 

There was no significant progression of the 
CAC score and no significant change in 
V-BMD, and thus Mg may have a favourable 
effect on these parameters (though the size 
of the study precludes any firm conclusions). 

Lower dose had an acceptable tolerability 
profile, but only about half of this group had 
acceptable serum phosphorous control 
(<1.78 mmol/L). Higher dose group had 
acceptable phosphate control, with 81% 
achieving levels < 1.78 mmol/L, but 
tolerability profile was poor (13 of 21 [61.9%] 
discontinued owing to adverse events). 
Serum Mg levels were significantly elevated 
in both Fe-Mg groups versus placebo. 

CaAc/MgCOj was non-inferior to sevelamer, 
with both treatments significantly lowering 
serum P by 25 weeks of therapy. Both 
treatments were equally well tolerated, with 
minimal increases in serum Ca and 
Mg levels in the CaAc/MgC0 3 group. 
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Study v.ee-c 


Combination treatment with magnesium carbo- 
nate and calcium acetate resulted in significantly 
lower serum phosphate and calcium concentra- 
tions compared with calcium carbonate monother- 
apy (both P < 0.05). 


Blood 

Purification 


Blood Purif 2011;31:172-176 
DOI: 10.1159/000321837 


Magnesium in Chronic Kidney Disease: 


ies are available. Conclusions: Magnesium balance remains 
poorly understood in patients with end-stage kidney dis- 
ease. While observational and small randomized trials sug- 
gest that exogenous administration may be useful as a phos- 
phate binder and may have protective cardiovascular effects 
in terms of both arrhythmias and vascular calcification, large 
randomized trials are needed to test these hypotheses. 
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creased elemental calcium consumption. 


Serum phosphorus (mmol/L) 
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When used as a phosphate binder, the combina- 
tion of calcium acetate/magnesium carbonate 
had a good tolerability profile and was non-inferior 
to s eve I a me r-H Cl. 


Magnesium: 

The Relaxation Mineral 
(And So Much More!) 

Magnesium helps to soothe anything that’s tight, 
irritable, crampy, or stiff - whether it’s a body part 

or an even a mood! 



Supports the heart, 
nervous system, and 
cellular energy 



Reduces fatigue 
and anxiety 


Essential for the proper 
maintenance of your 
bones and muscles 





Protect your kidneys, Save your heart 
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